Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.
The workshop's agenda focused on the research needed to deal more efficiently with the characterization and mitigation of sites impacted by contaminant vapor intrusion, with overall objectives to:
(1) Review the current status of The Programs' funded efforts on vapor intrusion, and (2) Discuss future research and demonstration needs to improve our ability to properly assess the vapor intrusion pathway and indoor air concentrations. The agenda was designed to identify the most pressing needs in a focused manner, while allowing all participants to express their views and operational requirements. The workshop opened with presentations summarizing efforts supported to date by the Programs to address research and demonstration needs at vapor intrusion sites; the presentations also reflected the state of the science and practice. Since 2004, The Programs have funded several projects (ER-200423, ER-200702, ER-200707, ER-200830, ER-201025, ER-201119 and ER-201322) in an effort to understand vapor intrusion processes, develop low cost alternatives for sampling and analysis, and validate cost effective methods for mitigating radon and volatile organic compound (VOC) subsurface vapor intrusion. These projects have determined that vapor concentrations can be highly variable in space and time, and they have validated improved vapor intrusion field investigation methods, including use of on-site analytical equipment to rapidly identify and evaluate vapor intrusion impacts. Summaries of these vapor intrusion projects can be found at: http://serdp.org/Featured-Initiatives/Cleanup-Initiatives/Vapor-Intrusion. This work has established a defensible technical foundation for improved vapor intrusion protocols.
Following the presentations, the participants were assigned to specific breakout session groups based on each individual's expertise. The goal was to have a varied mix of expertise in each of the four (4) breakout groups, as each group was tasked with discussing the current state of the science for the following four technical topics: (1) spatial and temporal variability, (2) predictive modeling, (3) characterization and long term monitoring, and (4) mitigation system development. Each breakout group discussed data gaps and technology needs where additional research and development or field demonstrations would improve the understanding and assessment of the vapor intrusion processes and associated mitigation approaches. Each breakout session identified research, demonstration, and technology transfer needs for the long-term management of vapor intrusion sites, built on the earlier discussions and presentations.
Following the breakout sessions, the entire group reconvened to participate in final discussions focused on identifying the key issues and the priority research, demonstration, and technology transfer needs. These discussions resulted in the identification of the needs presented in Section 2 (Research Needs) and Section 3 (Technology Transfer Needs) of this report. Several of the participants contributed by drafting and/or editing those sections of this report. .
RESEARCH AND DEMONSTRATION NEEDS

Decision-Support Tools and Guidance on Vapor Intrusion Assessments and Mitigation
Vapor intrusion impacts to specific buildings can be difficult to predict or even measure accurately. Key uncertainties associated with pathway assessment include the location and strength of subsurface sources, the degree of spatial and temporal variability, and the existence, location and significance of any preferential vapor migration pathways. As a result of these uncertainties, conventional multiple lines-of-evidence vapor intrusion investigations can consume enormous time and resources, they might not lead to the right conclusion and actions, and they can result in considerable public concern.
There is a critical need to develop and demonstrate tools and guidance needed to make robust decisions quickly and cost-effectively at vapor intrusion sites. Such guidance should include decision diagrams and detail the lines of evidence required, and should also help managers understand and manage the inevitable uncertainty involved in vapor intrusion assessments. They may also allow for use of other metrics beyond indoor air concentrations (e.g., measurement of vapor mass flux in the subsurface) and expanded alternatives for vapor intrusion mitigation (e.g., building pressurization).
Workshop participants identified two high priority needs, which are listed in italics below, along with brief rationales and discussions for each.
Cost-effective and defensible prediction and data reduction methods that consider both temporal and spatial variability, and that are practicable for assessing potential health risks from vapor intrusion and/or determining if mitigation is needed.
Studies have demonstrated that indoor air impacts can be significantly variable with time across time frames of months, weeks, and sometimes even days and hours. Traditional methods of vapor intrusion pathway assessment are not well-suited for addressing this variability, as sampling at high frequencies and over very long periods of time would be required, and the decision-making would not be timely. Thus, there is a need for identifying new approaches that couple innovative short-term sampling, predictive tools, and data reduction guidance that are specifically designed with the temporal variability issue in mind.
Furthermore, participants suggested that in order to improve health risk evaluations associated with vapor intrusion, environmental practitioners need to understand sampling protocols, with a specific focus on the spatial and temporal (short-and long-term) variability in VOC concentration in groundwater, well headspace, soil gas, sub-slab, ambient air, and indoor air samples.
Demonstrations of protocols to streamline and improve vapor intrusion assessments, especially with respect to detecting the presence and impact of subsurface preferential VI migration pathways.
The conventional generic conceptual model for vapor intrusion does not include preferential vapor migration pathways and there is little understanding of how these might affect vapor distributions and impacts, and the performance of mitigation efforts relative to the base case without preferential vapor migration pathways. The DoD would benefit from the development of conceptual models that cover the range of scenarios that might be encountered in both residential and commercial settings. Coupled with these would be tools to identify the presence and effects of subsurface preferential pathways on a site-specific basis.
Improved Site Characterization and Monitoring
While the development of methods for assessing and measuring vapor intrusion has been underway for several years, research and demonstration efforts on the underlying science governing the vapor intrusion pathway have been lacking. Tremendous uncertainty remains regarding how best to assess the vapor intrusion pathway. The monitoring required at sites where vapor intrusion is suspected can be expensive and time-consuming. It is also challenging to predict and measure the fate and transport of vapors in soil. The three high-priority needs identified under this topic are described below:
Cost-effective characterization methods using real-time analytical tools that ensure confident vapor intrusion assessments.
On-site vapor intrusion analysis is an attractive characterization approach because additional locations can be added, either spatially or vertically, based on real-time data. It also allows early recognition of errors (e.g., leaked gas breakthroughs, inconsistent numbers, hardware blanks) on-site and collection of verification or replicate samples as needed.
Although, laboratory-grade instruments, including mass spectrometers, can be used in the field to fulfill necessary analytical protocols, new cost-effective, real-time analytical tools are required to expedite vapor intrusion assessments and allow more accurate and timely mitigation decision-making. The DoD would benefit from demonstrations of standardized approaches to apply regulatory accepted laboratory-based technologies to real vapor intrusion sites to improve risk-based determinations.
Demonstrations of the use of vapor mass flux as a site characterization parameter that supports realistic determination of vapor intrusion impacts and design of subsequent costeffective mitigation approaches.
Vapor intrusion assessments have generally focused on indoor air concentrations as the primary decision-making metric. We now know that indoor air concentrations can vary significantly on time frames of months, weeks, and sometimes days, and that relying on conventional indoor air monitoring can lead to inaccurate characterization of indoor air impacts. Thus there is interest in identifying other metrics that might be measured more confidently over shorter time frames and that can be used to estimate impacts. Vapor mass flux (or mass discharge) is one such quantity that has been suggested.
Evaluating vapor intrusion in terms of mass flux/mass discharge might also improve site conceptual models, be used to determine the effectiveness of mitigation systems, and indicate when mitigation systems can be shut down. In particular, it would be useful to have methods to measure mass flux that do not require building access.
Tools to identify the presence and characteristics of subsurface preferential pathways that cause vapor intrusion processes and the performance of mitigation systems to behave differently than commonly conceptualized. Preferential pathways can result from sewer lines, soil macropores, foundation cracks, and shallow or perched water tables.
There are important differences between residential, commercial, and industrial buildings with respect to vapor intrusion. These differences can include building footprint size and volume, foundation type, floor slab construction, building height, number of floors, and air exchange from heating, cooling, and ventilation systems. In addition, present or former operations in commercial and industrial buildings may result in releases beneath the building, yielding sub-slab vapor concentrations not in proportion to what is found from dissolved phase VOC plumes.
Guidance would be helpful to determine vapor intrusion mitigation systems either during construction or as a retrofit on a specific existing structure type. Strategies for mitigating vapor intrusion could include both active and passive techniques.
Improvements in Optimization and Sustainability
Although most DoD sites have or should soon have remedial action plans in progress, most will not achieve regulatory closure for many years. Some planned remedies will likely not perform as expected and will require modification or, in some cases, implementation of a different remedial action plan. In cases where vapor intrusion has been confirmed, tools are needed to periodically assess contaminant mitigation performance, identify and rectify problems, and optimize remediation operations and monitoring to minimize life cycle costs while meeting vapor intrusion remediation objectives. The two high-priority needs are identified in italics below:
Demonstration of tools capable of providing life-cycle costs associated with vapor phase mitigation that addresses both pre-emptive and final mitigation systems.
Life-cycle assessment (LCA) is a compilation and evaluation of the inputs and outputs and the current or potential environmental impacts throughout a product's or project's life cycle (i.e., "cradle to grave"). In vapor intrusion scenarios, LCA can assist in identifying opportunities to improve the environmental performance at various points in the vapor intrusion project's life cycle, as well as in strategic planning, mitigation system design or redesign, and selection of relevant indicators of environmental performance, including measurement techniques.
Tools and methods are needed that can periodically estimate the value of additional vapor intrusion characterization data in terms of life cycle cost savings, refine vapor intrusion model calibration taking into account new data from monitoring, assess the probability of preemptive or current operations to meet vapor intrusion cleanup objectives, and reoptimize final mitigation system operation and monitoring variables to minimize expected life cycle cost based on performance and cost uncertainty.
Improved and/or alternative tools to better evaluate and manage building pressure recycling (BPR) including temporal and spatial variability on vapor phase monitoring and mitigation.
Building pressurization is an option for vapor intrusion mitigation as models suggest that low levels of building pressurization might be sufficient to prevent vapor intrusion in some buildings. There is a need to better understand this technique and its applicability to different scenarios (e.g., industrial vs. residential buildings). Guidance is needed on designing and operating cost-efficient pressurization strategies, with recognition of differences between industrial and residential settings. It is not clear how much time is needed for pressurization for it to be fully effective or how much pressurization is needed for different buildings and specific environmental situations. Similarly, monitoring guidance is needed to ensure that pressurization effects are accurately measured and that monitoring plans are both efficient and protective of human health.
TECHNOLOGY TRANSFER NEEDS
One common theme that emerged from discussions of the four key technical areas (spatial and temporal variability, predictive modeling, characterization and long term monitoring, and mitigation system development) was an urgent need for SERDP and ESTCP to expand upon its existing technology transfer program. Participants consistently cited the need for targeted technology transfer efforts, and several felt the transfer of existing ESTCP products had not been sufficiently effective. Support for conferences and travel to training opportunities continues to decline, especially within the public sector, yet the need for targeted information increases. Remediation managers and their consultants need trustworthy, practical information that is easily accessible via the internet.
In particular, credible, well-advertised, and well-managed webinars are well-received, especially if they can be combined with continuing education credits needed by many professionals. Of particular value are archived webinars that can be accessed on-demand and optionally linked to continuing education credits. An overarching technology transfer need is therefore to continue and expand the current efforts to develop useful and web-based tools and training opportunities, and to make these resources as accessible as possible to managers, consultants, and regulators.
Technology transfer is needed that goes beyond generating documents. Specific suggestions resulting from the formal and informal workshop discussions amongst workshop participants are provided below.
 Videos that educate about vapor intrusion including RPMs and homeowners.  Succinct computer-based information, i.e., Frequently Asked Questions (FAQs).  Better coordination with the USEPA and the Interstate Technology Regulatory Council (ITRC) including improved means to document vapor intrusion results for regulatory guidance.  Vapor intrusion website that includes articles and data results which would allow stakeholders and regulators to comment and provide feedback.  Identify and attempt to build on existing vapor intrusion projects outside of the SERDP & ESTCP programs.  Involvement at selected national conferences.  Better use of internet-based tools (e.g., webinars, podcasts).
CONCLUSIONS
The workshop highlighted the progress that the DoD has made in addressing management of contaminant vapor intrusion. However, it was clear that many challenges in vapor intrusion assessments remain. Research and demonstrations have contributed to the past success, but specific areas still face challenges.
Discussions during the workshop focused on key technical areas: spatial and temporal variability, predictive modeling, characterization and long term monitoring, and mitigation system development. One common theme which emerged from discussions within the four technical areas was an urgent need for SERDP and ESTCP to expand upon its existing technology transfer program. Several recommendations were made for products that could be developed in the short term that would greatly benefit the end user community.
Research, demonstration, or technology transfer needs were identified during the workshop. Identification of these research and demonstration needs will directly impact the direction of SERDP and ESTCP investments over the next 3 to 5 years.
